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ELECTRO-THERAPEUTIC DEVICE AND METHOD OF ELECTRO-THERAPEUTIC 
TREATMENT 



FIELD OF THE INVENTION 

5 

The present invention relates to an electro-therapeutic device and a method of electro- 
therapeutic treatment wherein a small electric cunent is applied to the tiody. 

BACKGROUND OF THE INVENTION 

10 

The application of small cunrents to particular points of the body, such as acupuncture 
points, l)iologically active trigger pdnts, neural Junctions etc, has been found to provide 
relief for certain ailments. Such points may be characterised l>y ha>nng a low etectrlcal 
resistance compared to adjacent areas of the body. 

16 

Electro-therapeutic devices, which can be held in the hand df a user, and which comprise . 
a first acfive electrode for applying an eiectricai pulse to a selected portion of the skin of 
the user, are described in GB 1.416.141, US 4,180.079 and US 5,251.637. From these 
patents it is also Icnown to have a second electrode aranged in a casing holding the 

20 device, in which second electrode cun^nt may flow in a return path through the hand that 
is holding the device. From GB 1.416.141 and US 5,251.637 it is Itnown to have a device 
comprising circuitry for measuring changes in the electrical resistance of the body when 
the device is moved across the sitin of the body, and it is known to have an indicatfon of a 
low resistance point of contact. From GB 1,416,141 it is known to have a visible indication 

25 of the low resistance point, and from US 5,251 .637 it is known an audible Indication, 
where the audible signal changes volume or pitch as a functton of the resistance. 



From US 4,180.079 it is further known to have an electrical signal, which is composed of 
two output signals having different frequencies. Here, the first signal Is a low frequency 
30 signal of about 0.25 Hz and the second signal is a high frequency signal in the range 0.6- 
320 Hz. The low frequency signal has a greater amplitude than the high frequency signal, 
and the two frequency signals are oscillating at the same time with the output signal being 
the difference of these two signals. However, since the two frequency signals are 
oscillating at the same time, It is not know to a have an output signal, which for a part time 
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is oscillating at a low frequency and for another part time is oscillating at a higher fre- 
quent^. 

An apparatus, known as HealtTouch®. has been on the market for some years. This 
5 apparatus is capable of delivering an output signal of 2 Hz, 10 Hz or 100 Hz. However, 
the switching from one frequency to another Is done manually by the user. Thus. It Is not 
possible from this apparatus to achieve an output signal, which automatically changes In 
frequency during use. 

10 It has been found by the present Inventor that improved therapeutic results may be ob- 
tained when the electrical stimulation signal is changing in time between a low frequency 
and a high frequency. Thus, there is a need for an electro-therapeutic device, which can 
provide such a frequency changing electrical stimulation signal. 

15 SUMMARY OF THE INVENTION 

According to the present Invention, there Is provided an electro-therapeutic device com- 
prising: 

first and second electrodes or probes for making eiectrteal contact to the body of an 
20 Individual, 

voltage supplying means for supplying an alternating output voltage across said elec- 
trodes to pass an alternating current through the body of the individual, said voltage 
supply means being adapted for controlling the frequency of the output voltage so that the 
output voltage frequency Is automatically changing in time between a kw frequency and a 
25 high frequency, said high frequency being higher than said low frequency. 

It is prefen^d that the voltage supply means is adapted for controlling the frequency of the 
output voltage so that the output voltage frequency is changing between a low frequency 
and a high frequency at regular time Intervals. It is also prefened that the voltage supply 
30 means Is adapted for controlling the firequency of the output voltage so that the output 
voltage is changing in time between one or more time periods having a low frequency and 
one or more time periods having a high frequency. 

DlfTerent frequency ranges may be used, but preferably the low output voltage frequency 
35 should be In the range of 0.5-10 Hz, or in the range of 1-5 Hz. Here, the low output 
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voltage frequency may be about 2 Hz or about 3 Hz. According to an embodiment of the 
Invention tlie hlgti output voitage frequency may be in the range of 12-50 Hz or in the 
range of 15-40 Hz. Here, the high output voltage frequency may preferably be about 
15 Hz or about 20 Hz. According to another embodiment of the invention the high output 
5 voltage frequency may be in the range of 40-300 Hz, In the range of 60-200 Hz, or In the 
range of 75-150 Hz. Here, the high output voltage ftequenc^ may preferably be about 
100 Hz. 

It is pr^nred that the voltage supply means is adapted for controlling the frequency of the 
10 output voltage so that the frequency of the output voltage is changed in cycles, each cycle 
comprising a first time period of low frequency and a second time period of high fre- 
quency. Here, a cyde time defined by the total time of the first time period and the second 
Ume period may be in the range of 2-25 seconds, in fte range of 3-15 seconds, in the 
range of 4-10 seconds, or In the range of 5-6 seconds. Here, the cycle time defined by the 
15 total time of the first time period and tiie second time period may preferably be about 6 
seconds. 

According to an embodiment of the invention the low frequency may be supplied in a time 
period of low fifequency being in the range of 1-6 seconds or in the range of 2-4 seccmds. 
20 Here, the time period of low frequency may preferably be about 3 seconds. 

Similarly, the high frequency may be supplied in a time period of high frequemy being in 
the range of 1-6 seconds or in the range of 2-4 seconds. Here, the time period of high 
frequency may preferably be about 3 seconds. * 

25 

It is preferred that the device of the present invention fiirttier comprises timing means for 
controlling the alternating output voltage to be applied for a predetermined time period. 

The first electrode of the device of the invention may be an active electrode for making 
30 electrical contact to a selected point of the body of a patient, and the second electrode 
may be a passive electrode for maldng electrical contact over a relatively large area of the 
body of the individual when compared to the selected point area. 

AcooKling to a preferred embodiment, the device of the invention comprises a casing 
35 which is holdabie in the hand of an Individual, said first electrode being mounted to the 
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casing and said second electrode being disposed on the casing for making electrical 
contact with the hand of the Individual. Here, the casing may be elongate and the first 
electrode may be mounted at one end of the casing, being electrically isolated from the 
body of the casing. It is prefenred that at least part of the body of said casing is made of 
5 an electrically conducting material and the second electrode is in electrically contact with 
said electrically conducting part of the body of the casing. 

The device of the invention may further comprise resistance detecting means for detecting 
when the first electrode is located at or near a low resistance point on the body of the 

10 individual, said resistance detecting means having means for detecting variations in the 
^ resistance between the first and second electrodes. Here, the device may further com- 
prise means for providing an audible signal representative of the resistance. The means 
for providing an audible signal may be adapted to emit a sound, which changes In volume 
or pitch, the volume or pitch being proportional to or a function of the resistance. It Is also 

1 5 Within an embodiment of the invention that the device may comprise means for providing 
.a visible signal representative of the resistance. 

According to an embodiment of the invention the device may also comprise means for 
shifting between a standby mode and an active mode, wherein when in standby mode no 

20 altemafing output voltage signal is supplied across the first and second electrodes and 
when in active mode, the altemating output voltage signal Is supplied across the first and 
second electrodes. Here, the means for shifting between the standby mode and the active 
mode may be adapted to control said shifting as a function of current flowing between the 
first electrode and flie second electrode. Thus, the mode shifting means may be adapted 

25 to hold the device in the standby mode when no cunnent is flowing between the first and 
second electrodes. The mode shifting means may also be adapted to hold the device in 
the active mode when a cunrent larger than or equal to a trigger current is flowing Isetween 
the first and second electrodes. Here, the mode sihifting means may comprise a power 
converter and resistor means, and the trigger current may generate a voltage drop across 

30 said resistor means whereby the power converter may shift from the standby mode to the 
active mode. 

It is prefenred that the voltage suppling means is adapted to supply an altemating output 
voltage having a voltage swing in the range of 2^10 V. In the range of 3-8 V, or in the 
35 range of 4-6 V. Preferably, the voltage swing may be about 5 V. It is also preferred that 
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the voltage supplying means is adapted to pass an alternating current through the body of 
said individual in the range of 0.1-3 mA, or in the range of 0.5-1 mA. 

in order to obtain a good electrical contact between the electrodes and the body of the 
5 user, it is preferred that the Frrst and/or second electrodes have a conductive surfeoe com- 
prising a non-oxidising metal. Here» the non-oxidising metal may be selected from a group 
of materials comprising gold, sliver and a platinum/chrome coating. 

According to the present Invention, there Is also provided a method of applying an eleo- 
10 trical sUmuiation signal to the body of an individual, said method comprising: 

providing an electrical stimulation signal comprising an electrical current having an AC 
component, said AC component fcieing changing in time between a low frequency and a 
high frequency with said high frequency being higher than said low frequency, 
applying said electrical stimulation signal to a selected point of contact on the body of the 
15 individual In a manner to pass said electrical current through said selected point of contact 
on the body. 

According to the present invention, there is furthermore provided a method of using an 
electrical stimulation signal for the aiievlaton of pain of an individual, said method com- 
20 prising: 

providing an electrical stimulation signal in the forni of an electrical cun-ent having an AC 
component, said AC component being changing in time between a low frequency and a 
high frequency with said high frequency being higher than said low frequency, 
applying said electrical stimulation signal to a selected point of contact on ttie body of the 
25 individual in a manner to pass said electrical current through said selected point of contact 
on the body, to thereby provide alleviation from said pain for said individual. 

It is prefenred that the electrical stimulation signal is applied to the selected point of con- 
tact on the body of the individual in a manner to pass said electrical current through a part 
30 of the body from said selected point of contact to a reference point or area of the body. 
The electrical stimulation signal may be applied to several selected points of contact on 
the body of the indi\«dual. However, it is preferred that the electrical stimulation signal is 
applied to one selected point at a time. 
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According to embodimente of the methods of the invention, the AC component may be 
changing bet\»een a Jow frequency and a high frequency at regular time intervals. It is 
also vtdthin the methods of the invention that the AC component is changing in time 
between one or more time periods having a low frequency and one or more time periods 
5 having a high frequency. 

The tow frequency of the AC component may be In the range of 0.5-10 Hz or in the range 
of 1-5 Hz. Preferably, the low frequency may be about 2 Hz or 3 Hz. Acconding to one 
embodiment, the high frequency of the AC component may be in the range of 1 2-50 Hz or 
10 In the range of 15-40 Hz. Here, the high frequency may preferably be about 15 Hz. 

According to another embodiment, the high frequency of the AC component may be In the 
range of 40^ Hz, in the range of 60-200 Hz. or in the range of 75-1 50 Hz. Here, the 
high firequency may preferably be about 100 Hz. 

1 5 According to embodiments of the methods of the invention, the frequency of the AC com- 
ponent may be changed In cycles, eadi cyde comprising a first time period of tow fre- 
quency^ and a second time period of high firequency. Here, a cyde time defined by the 
total time of the first time period and the second time period miay be in the range of 3-15 
seconds, in the range of 4-10 seconds, or In the range of 5-6 seconds. In a preferred 

20 embodiment the cyde time defined by the total time of the first time pertod and the second 
time period may be about 6 seconds. 

According to the methods of the invention tiie low frequency may be supplied in a time 
period of low fifequency being in the range of 1-6 seconds or in the range of 2-4 seconds. 
25 It is prefen^d that the time period of low frequency is about 3 seconds. Similariy. the high 
frequency may be supplied in a time period of high freqi»ncy being in the range of 1-6 
seconds or (n the range of 2-4 seconds. Preferably, the time period of high frequency may 
be at)out 3 seconds. 

30 According to embodiments of the methods of the Invention, the electrical stimulation 
signal may be applied to a selected point of contact for a predetermined time period. The 
eledrical stimulation signal may be applied to one or more selected polnte of contact 
representing one or more low resistance points of contad on the body of the Indjvidual. 
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The methods of the invention may further comprise locating one or more selected points 
of contact representing one or more low resistance points of contact on the l>ody of the 
individual. 

5 It Is preferred that the electrical stimulation signal is applied to the point(s) of contact via 
electrodes or probes, and the electrical stimulation signal may be applied to the point(s) of 
oonta^ via first and second electrodes or probes. Here, the first electrode may be an 
active electrode for malting electrical contact to a selected point of the body, and the 
second electrode may be a passive electrode for making electrical contact over a rela- 
10 tively large area of the body of the individual when compared to the selected point area. 

It should be understood that the methods of the invention may include the use of an 
etectro-therapeutic device selected from the embodiments of the present invention. 

15 BRIEF OESCRIPTiON OF THE DRAWINGS 

The invention will be further describied in the following with the aid of the accompanying 
drawings. In which: 

Rg. 1 1s a schematic view of an embodiment of an etectro-therapeutic device according to 
20 the Invention, 

Fig. 2 Is a block diagram illustrating the functions of the circuitry of an embodiment of an 
eiecbro-therapeutic device according to the invention, 
Rg. 3 is a detailed circuit diagram corresponding to the block diagram of Rg. 2. 
Fig. 4 Is a flow chart lllusfrating the operation In time of an embodiment of an dectro- 
25 therapeutic device according to the invention, and 

Rg. 5 is a flow diart illustrating the program steps perfomned by a micro-controller being 
part of the circuitry of an embodiment of an electro-th^peutto device according to the 
invention. 

30 DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

One of the principles of operation of an electro-therapeutic device in accordance with the 
present invention is that an improved therapeutic effect may be obtained when switcNng 
between a low frequency and a higher frequency in the stimulation signal, where the 
35 stimulation signal may be applied to so-called acupuncture skin points. 
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A further principle of operation of an electro-tlierapeutic device In accordance with the 
Invention Is that acupuncture skin points generally has a lower resistivity relative to skin 
points, which are not acupuncture points. This information can be transformed Into an 
5 audible message, which gives the therapist a feedback signal facilitating the localisation of 
the acupuncture points. At the same time, the electrical exdtatlon of the tip relative to Vne 
reference electrode applies stimulation to tiie located or selected acupuncture skin point. 
In addition to the audible feedback, there may also be a sensory feedback due to a 
therapeutic effect experienced by Vne user or patient, furtiier optimising tiie tiierapy 
10 ^dency. 

Referrir^ to Fig. i, an electro-therapeutic device in accordance with the invention com- 
prises a casing 10. which is made by die-casting aluminium/magnesium with chrome/- 
si^er Ck>ating. The casing 10 houses a battery 1 1 and electronic circuitry 12 for supplying 

1 5- an alternating output voltage signal. \AAilch can be supplied to the body of an Indivkiuai. 
The casing 10 is elongate and ends at one end in a nose 13. whteh carries^ first, active 
electrode 14. the stimulation-tip. it is prefenned that ttie stimutetion-tip or electrode 14 is 
made with a rounded end havbig a radius of curvature comparable to the size of an 
acupuncture point on ttie skin of a body, and ttiat Uie electrode 14 has a conductive 

20 surface made of a non-oxidising metal such as gold or sOver. According to a prefen^d 
embodiment, ttie stimulation-t^ may have a diameter of about 3 mm. 

The stimulation-tip 14 is electrically isolated from ttie casing 10, and is connected to a first 
output of the electronic circuitry 12, which circuitry 12 has a second output connected to a 

25 second, passive ^ectrode 1 5, being formed of an outer part of a lower end 16 of ttie 
casing 10. The secmd electrode 15 thereby may presertf a large, exposed contact sur- 
face area, which is positioned at a location where tiie fingers of a user may be positioned 
when ttie electro-ttierapeutic device of ttie Invention Is in use. thereby making a good 
electrical contact to ttie body of a user. The part of ttie lower end 1 6 forming the second 

30 electrode 1 5 may have a conductive surface of a non-oxkJIsIng metal such as gold, silver 
or a platinum/chrome coating. 

The first electrode 14 serves as an active contact to a selected point of ttie body of the 
user with a stimulation cun-ent or signal being applied via ttie electrode 14, and the- 
35 second electrode 15 forms tiie reference contact to ttie body relative to which ttie stimu- 
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lation signal is applied. It is also possible to attach a vvlre to the second electrode 15, 
which wire on the other end, connects to the body of the patient through a good electrical 
contact such as a handle with a conductive surface of a non-oxidising metal as previously 
described. This is in particular useful, when the stimulation therapy is not perfonned by 
5 the patient himself, but by anottier person, thus ensuring that there Is always an elec- 
trically good reference connection. 

A block diagram illustrating the functional units of the circuitry of an embodiment of an 
electro^herapeutic device 20 according to the invention is shown in Fig. 2. The device 20 

10 acconding to Fig. 2 comprises the following units: a battery 21 , a DC-DC converter 22, a 
smart or intelligent on-off switch function 23, a sb'mulation-tip driver function 24, a 
stimulatimi-tip electrode 25, which corresponds to the first electrode 14 as illustrated in 
Fig. 1, a reference contact electrode 26, which oonesponds to the second electrode 15 as 
illustrated in Fig. 1, a resistivity sensor function 27, a sound generator function 28, and a 

15 loudspeal(er 29. The blodc diagram illustrates the relation between the units. 

The battery 21 is a single battery of type AAA with a nominal voltage of 1 .5V and suitable 
capacity. The DC-DC converter 22 converts the battery voltage to a voltage suitable for 
feeding the electronic circuitiy and to a voltage, which may optimise the acupuncture point 

20 stimulation effect. These two voltages are not necessarily the same, although in this pre- 
femed embodiment they are equal. The on-off sv^tch fimction 23 switches between nonmal 
supply to the electronics and a ^te with no power drsrin from the battery. After 5 sec. of 
nomtal power supply, the onhoff switch tunctton 23 automatically switches off the loud- 
speaicer 29. when there is no skfai-contect to ttie stimuiatton-tip electrode 25. This helps 

25 conserve power and minimise unnecessary noise. Normal operation with norrral power 
supply is achieved when skin-contact is again obtained for the stimuiatton elettrode 25. 
The stimulation-tip driver 27 modulates the voltege on the stimulation tip eiectrode 25 
relative to the voltege on the reference contact eiectrode 26, such that it induces a varying 
current in a selected skin point of the body of a user, which selected point may be an 

30 acupuncture point It is prefemed that the frequency of modulation Is set to one or more 
frequencies, which may optimise the acupuncture point stimulation effect The stimuiation- 
tlp electrode 25, 14 and the reference contect electrode 26, 15 have been discussed in 
connec^on with Fig. 1. 
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The resistivity sensor function 27 comprises a circuitry, which measures a stimulation 
cunent drawn by the stimulation-tip electrode 25 and relates It to an applied stimulation 
voltage, resulting in a measure of the resistivity of the selected skin point, which is an 
indication of the proximity of the skin point to an acupuncture point When the tip electrode 
5 25 is kicated at an acupuncture point, the electrical resistance between the reference 
electrode 26 and the tip electrode 25 is low compared to the situation, when the tip is 
located at a skin point, which is not an acupuncture point The resistivity sensor function 

27 is adapted to measure the electrical resistance between the tip electrode 25 and the 
refsrenoe electrode 26. The sound generator function 28 produces an exdtation signal 

10 for the loudspeaker 29. It is preferred that the frequency Is varied as a funcUon of the 
resistivity being output from the resistivity sensor function 27. The amplitude of the 
excllatton signal niay prefisrably be fixed, but the amplitude couM also be made user 
selectable. The loudspeaker 29 converts the excitatton signal from the sound generator 

28 into an audible message to the user or therapist 

15 

An embodiment of a detailed circuit diagram corresponding to the block diagram of Fig. 2 
is shown in Fig. 3. a discusston of which v\^li be given In the foltowing. 

The eiectro-therepeutto device erf the inventton may have two modes of operatton: active 
20 and standby. Here, active. Is the mode used during search-and-stimulation. while In 
standby mode the power consumption Is minimized, but the circuit is nevertheless 
monitoring the stimulation-tip electrode 25 and the reference electrode 26 with flie pur- 
pose of detecting a users intention of entering Into an active search-and-stimulation mode. 

25 To support ttiese modes of operation the circuit in ttie diagram of Fig. 3 may be used. 
Here, the functioning of ly/IOSFETs T1. T2 and T3 but also the function of diode D1 are 
central in the switching between Vne two modes of operation. 

Power conversion 

30 The source of energy, which can be of any electric type delivering a voltage in tiie range 
of 0.9 to 5.5Volt from a low Impedance source such as a electro chemical battery, rectifier 
system, solar cells or similar, enters the circuit though the tennlnais labelled Batt + and 
Batt This battery voltage, which may be varying slightly due to for instance wear, is here 
converted to a fixed voltage independent' of ttie source voltage by means of a commer- 

35 claUy available switch-mode converter U1 (l\/IAX1 678) under ttie support of an energy 



P641 OK01 



11 

storing inductor LI. The effective impedance of the power source is lowered by a capa- 
citor C1. The generated stable voltage is available at the VOUT and GND pins of U1 
when the pin4 of U1 labelled _SHDN is above 0.9V relative to pin 6 GND of U1 . The 
voltage value can be selected by the values of resistors R2 and R3, and in this particular 
5 conflgunaition with R2 equal to 330 kQ and R3 equal to 100 kSi, the resulting voltage is 5V. 
This is the voltage value in the active mode. When pin 4 of U1 ( _SHDN) Is biased at a 
voltage lower than 0.9V relative to GND of U1. the output voltage pin 8 of U1 is switched 
off. attaining a voltage of only about 1 V. This is ttie voltage value under standby mode. 

10 Sound generator 

A conrvnerciaiiy available circuit, LMC555CM, here labelled U4 is coupled, together with 
resistors R12. R1 3 and a capacitor C6 as an astable multivibrator, also simply called an 
oscillator, but with the added effect that the finequenc^ of operation depends on the 
voltage applied to the CV input of U4. This mode of operation Is directly defined in the 

1 5 datasheet supplied by the vendor of the l^CSSSCM circuit U4. The overall f WK^onalify 
may also be n(Mnlnated a voltage controlled oscillator. The frequency range may be 
adapted to the human ears for maximum sensitivity. A squars^wave signal on pin 3 of U3 
labelled OUT is applied to a loudspeaker HT1 via a high-pass filter consisting of a 
capacitor C7. The high-pass is essential to avoid DC current in the loudspealcer coH, but 

20 could be eliminated whan using for instance pi^ dynamic toudspeakers. A resistor R15 
is limiting the current, and must be adapted to the type of loudspeaker being used. The 
voHage controlling the frequency (the voltage on pin 5 labelled CV on U4) is coming from 
a micro-controller U2 via a low-pass filter consisting of a resistor R14 and a capacitor C5. 
The purpose is to attenuate rapid variations emanating of this faarticular type of digitol-to 

25 analogue converter (a Pulse Width Modulator), which is present in the mtero-controiler U2. 
whteh is here chosen as a commercially available controller PIC16C77. 

Stimulation and conductivity measurement circuit 

Stimulation in form of varying voltage levels is applied to the tip electrode, TIP1. (here 
30 TIP1 corresponds to the stimulation electrode 25 in Fig. 2), via pin 2 of U2 pin labelled 
LVDIN. This voltage is in a circuit fonmed by the tip electrode, TIP1, skin at tip, body, skin 
at finger-electrode and finger or body electrode, F1 (here F1 corresponds to the reference 
electrode 26 in Fig. 2), and giving rise to a current depending on the skin and body con- 
ductivity. The cunrent flow results in a voltage drop across a resistor R6. which voltage is 
35 proportional to the cunrent An operational amplifier U3, here LMC7101BIM5, In conjuno- 
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Hon vrfth resistors R10, R9, R7 and R8, forms a difference amplifier effectively measuring 
the voltage across resistor R6 and supplying a voltage at pin 1 of U3, which may be 10 
times the difTerence voltage across resistor R6 plus the voltage on the anode of diode D2 
being connected to resistors R1 1 and R9. The voltege of the anode of D2 is an offset 
5 yolt^e, which may be needed In order to ensure that the voltage on pin 1 of U3 is alwa^ 
positive (a requirement from the controller U2). even In the presence of an electro- 
chemicaily induced voltage in the sidn to ^ectrode contacts. When the stimulation voltage 
is lower than this electrochemically Induced voltage, the current in resistor R6 would be 
from TIP1 towstfds pin 2 of U2 pin 2. resulting In a negative voltage across resistor R6. 
1 0 and thus a negative contribution to the voltage at pin 1 of U3. The ofteet voltage on the 
anode of D2 may be created by supplying a suitably large, but still power economic, 
current through resistor R11. It is here supplied \Ha pin 7 on fiie micro-oontroner U2, which 
gives the flexibility of switching It off. 

15 Active mode 

In active mode, MOSFETS T1, and T2 are conducting, due to an applied gate-source 
voltage. In practice this means that they act as roisters in the draln-souroe channel, but 
attaining a value so small that In this application they effectively act as a short circuit of 
drain-source. The result is ttiat the 5V supply and GND is connected to the rest of the 
20 circuitry. MOSFET T3 is lilcewise conducting and thus short-circuited in drain-source, 
effectively connecting the GND of the electronics and the finger or body electrode, F1 , 
with the result that the finger electrode F1 forms a r^rence for the electronics. 

Standby mode 

25 In standby mode, the MOSFETS T1 and T2 both enter the non-conducting state, 

effectively isolating the power converter and battery part from the rest of the drcuitry, and 
in particular leaving the tip electrode TIP1 in a state where it is not influenced by the 
stimulation and conductivity measurement circuit iVIOSFET T3 is set in non-conducting 
mode and effectively connecting the finger or body electrode F1 with the battery positive 

30 pole through a resistor R1. Resistor R1 could also have been implemented using a 
IWOSFET switeh, with the added saving in power consumption during active mode, 
because in active mode, resistor R1 is effectively just a lealdng load on the battery, 
whereas a i\^OSFET could be made to go in non conduction mode during active mode. 
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Transition from standby to active mode 

When in standby mode a user touches both the finger electrode F1 and the tip electrode 
TIP1. a cun«nt is flowing from the battery positive tenninal through resistor R1, through 
the finger electrode F1 , through the skin and body and into the tip electrode TIP1 , through 
5 resistor R6, through resistor R5 and through resistor R4 to the negative tenninai of the 
battery. This cunient gives rise to a voltage across resistor R4, which voltage is applied to 
the pin 4 (JSHDN) on U1 . When this voltage is more than 0.9 V, the power converter U1 
goes from shut-down to active mode, and starts generating the 5V supply voltage at its 
output, which In turn puts MOSFETS T2 and T3 In conduction mode, with the result that 
10 the micro-controller U2 starts executing its program, and as a first task applies a logic high 
level (about 4.5\/) to pin 19 labelled SCL, which is connected to the diode D1. Diode D1 is 
conducting and will thus ensure that the voltage at pin 4 of U1 ( _SHDN) will be above 
0.9V Irrespective of the voltage at the tip electrode TIP1 , thereby ensuring that the power 
converter remains in active mode. 

15 

Transl&in firom active to standby mode 

When the micro-controiler U2 program wants to put tiie circuit In standby mode, it analles 
a low logic voltage at pin 19 and at the tip eledrode TIP1 through pin 2 of U2. This 
effectively brings the voltage at pin 4 of U1 ( .SHDN) below 0.9V and thus brings the 

20 converter U1 to the shut-down mode. In shut-down mode, the voltage at Ill's outpi^ pin 8 
(VOUT), Is only one diode fonward voltage drop below the battery vottage (this is an 
inherent characteristic of a boost switch mode DC-DC converter). i.e. with a single cell 
battery of 1.5V. Ul's output vottage on pin 8 In shut-down Is roughly about 1.0V. This In 
turn switches the MOSFETs T1 , 72 and T3 In non-conducting mode, removing power to 

25 the rest of the circuit, including the micro-controller U2. In ^ect, this mode is the standby 
mode, having a power consumption of only a few micro watt's, but still the ability to 
monitor and react to the users intention to start a search-and-stimulate sesston. 

I^icro-contmller U2, PIC16C771 

30 The central component of the circuitry of Rg. 3 is the micro-controller U2 (whteh here Is 
the PIC16C771 from Microchip). U2 is programmed to perform the resistivity calculation, 
to control and apply the stimulation voltage, to generate the signal for the loudspeaker 
and to interface with the user for setting of a suitable stimulatton frequency. It contains a 
non-volatile ram, which is used to maintain the prefemed settings from one s^nce to 

35 another. It contains a timer circuitry, which serves as a reference clock for generation of 
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the stimulation frequency and for the audible signal as well as for the on-off functionality, 
switching between active and standby. It contains an analogue-to-digital converter that 
■converts the current measurenients into a digital representation suitable for numeric 
calculations. It also contains the necessary non-volatile program memory, which in 
5 addition can be reprogrammed in a suitable prc^ramming station, even after the com- 
ponents has been mounted on the circuit board, opening the posslWlity of finnware 
upgrading or last-minute production modification with very low additional costs. The 
potential of offering difTerent versions distinct by for instance audible characteristics, is a 
possibility, which could be considered. 

10 

When the tip electrode TIP1 is located at an acupuncture point, the electrical resistance 
between finger electrode F1 and tip electrode TIP1 is low compared to the case where the 
tip electrode TIP1 is located at a point which is not an acupuncture point The electrical 
resistance between the finger electrode F1 and the tip electrode TIP1 is measured. This 

1 5 is done indirectly by first applying a voltage drop between the finger electrode F1, the tip. 
electrode TIP1, and a configuration of resistors. In such a way that measuring a voltage 
drop across the resistor R6 gives information on the resistance b^ween the finger 
electrode F1 and ta'p electrode TIP1 to the mlcroK»ntroller U2. The mlcrxj-oontroiler U2 
determines the voltage drop by use of an analog-to-dlgltal converter (ADC), which is built 

20 Into the microprocessor. On the basis of the nwasured volts^e drop, an audto ^nal is 
generated so that the user can hear wheth^- or not the tip electrode TIP1 Is located at an 
acupuncture point The audio signal is generated flrom pin 20 of U2, where the duty 
cycles can be set with up to 12 bifs accuracy, and via the low^ss filter R14. C5 Into pin 
5 of U4. In this construction, the circuit U4 is woridng as a frequency to voltege converter. 

25 together with the low^Mss filter, R14,C5. 

The electro-therapeutic device of the present inventioh Is not adapted to find acupuncture 
points only, but the micro-controller U2 of the device Is programmed so as to control a 
stimulation of the acupuncture points by an oscillating voltege drop between the finger 
30 electrode F1 and the tip electrode TIP1. The oscillating voltage may preferably shift 
between the oscillation frequencies 2Hz and 100Hz with intervals of 3 seconds. The 
output Voltege to the tip electrode TIP1 is here about 5Volt and the flowing cunent is 
about 0.5ma - 1 ma, depending on the achial resistence of the selected body point 
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In Rg. 4 the operation in time of an emtxxliment of an electro-therapeutic device 
aooording to the Invention Is iilustrated. Initially, the device is in the stendby mode. When 
the conductivity between the electrodes F1 ands TIP1 (26 and 25) of the device is 
increased by contacting the tip electrode TIP1 to a body point, the device goes from 
5 standby to active mode as described above. This is Indicated by an A in Fig. 4. When in 
the active mode, the device is set to stimulate with 2 pulses per second and generate an 
audio signal that indicates whether or not the stimulation or tip electrode Is at an acu- 
puncture point having a high conductivity. After applying a 2 Hz signal for about 3 sec. the 
stimulation process proceeds to stimulate vmth 100 pulses per second for ancdher 3 sec. 
10 and generate an audio signal ttiat Indicates whettier or not Vt\e stimulation or tip electrode 
is at an acupuncture point As long as the conductivity between tiie elec^odes F1 and TIP 
1 is large enough, ttie device wHI shift every 3 sec. between ttie 2 IHz and ttie 100 Hz 
stimulation frequencies. If ttie conductivity between ttie electrodes F1 and TIP1 has been 
too low for about 5 sec., ttie device wlH enter into ttie standby mode. 

16 

In Fig. 4 is also shown the periodically shifting of ttie stimulation frequency between ttie 
low 2 Hz and ttie higher 1 00 Hz. 

t 

In Fig. 5 is shown a flow chart illustrating the program steps perfumed by the micro- ■ 
20 controller being part of ttie drcuitry of a prefened embodiment of ah electro-ttierapeutic 
device according to ttie invention. The flow chart is described in tiie following: 

- Standby 

25 The micro-controller starts in tiie state refen^d to in ttie fk»AHdiart as "Standby". In this 
state the electrical power to the electronics of the electro-therapeutic de\Ace is swit^ed 
off. The device v\^ll remain In this state until an electrical connection is made between ttie 
finger or reference electrode (F1 , 26) and the tip or stimulation electrode of ttie device 
(TIP1, 25). An electrical connection means in this case tiiat the electrical resistance R 

30 between tiie finger or reference electrode (F1, 26) and Uie tip or stimulation electi-ode 
(TIP1, 25) becomes low. The resistance R becomes low when e.g. the user of ttie device 
holds on to the finger electrode F1 witii his right hand and places the tip of ttie tip eleo- 
trode (TIP1) somewhere else on his body. In boUi cases the tip and finger electrode 
(TiPl , F1) should be In contact with ttie sl<in of the users body. As tiie resistance R 

35 becomes low, power will become available to the electt^onics, and In particular power vi^ll 
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be available to the micro-controller. The micro-controller can conbrol the power supply and 
make the power stay switched on even after the resistance R becomes high again. 

- Reset counters or timers T1 :=0. 72:^0 

5 

The first operation of the micro-controller Is to reset counters T1 and 72, which are used 
to keep track of times for switching between different operations. 

- Update stimulation output (2Hz) 

10 

The micro-controller then updates the frequency of the stimulatton voltage across the 
finger electrode (F1) and the tip electrode (TIPI) such that a stimulation signal is main- 
tained with a stimulatton frequency of 2Hz. 

15 'Measure resistance R between tip electrode (TIP1) and finger electrode (F1) 

The micro-controller ttien obUilns a measure of the lesistance R between ttie finger 
electrode and the tip. This Is done by use of measuring a voltage with an anatogue-to- 
digital conVeiter (ADC) built into the micro-controller as previously described. If the 
20 measured resistance R is sufficiently low. such that it is reasonable to assume ttiat the 
device is in use. then the counter T1 is reset <T1:sO). If R Is very large the counter T1 is 
not reset 

- Adjust audio output according to resistance R 

25 

According to the measure of the user is Infonned about the value of R via control of an 
audio output The resistance R Is much lower when the tip electrode (TIP1) is located at 
an acupuncture point as compared to when the tip electrode (TIP1) is located eisevvhere 
on the skin of the user (we still assume that also the finger electrode (F1) is in contact with 
30 the skin of the user). It Is therefore possible for the user of the device to hear whether or 
not the tip electrode (TiPl) is located at an acupuncture point 
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-T1>5s 

If the device has not been in use for more than 5 seconds (T1 >5s) the micro-controller will 
go back to the state "standby" where the electrical power is switched off. Although 5 
5 seconds has been chosen here it is also possible to use e.g. 3 seconds, 10 seconds or 
any other choice of time limit The important thing Is that the device will svAtch off by itself 
within a reasonable time limit when it is not being used. The accuracy of the time limit of 
5s here may be on the order of 1s. If the device has been in use (low R) within the most 
recent 5 seconds it will continue to the following state "Update stimulation output (2Hz}". 

10 

-* Update stimulation output (2Hz) 

The micro-controller again updates the frequency of the stimulation voltage across the 
finger electrode (F1) and the tip electrode (TiPl) such that a stimulation signal is main- 
15 tained with a stimulation frequency of 2Hz. 

-T2>3s 

If the counter T2 exceeds a period of three seconds (T2>3s) the counter T2 will be reset 
20 and the operation of the device will continue with "Update stimulation output (100Hz)". 
Otherwise the operation will continue with **Update stimulation output (2Hz)". It Is not very 
important tiiat flie stimulation with 2Hz and 100Hz are carried out for periods of exactly 
three seconds. It is important that the device changes between these stimulation fre- 
quendes for the stimulating signal such that the user will be stimulated witti both fine- 
25 quendes within a reasonable time. A reasonable time is the time that a user can be 
expected to keep ttie tip electrode (TIP1) of the device located at a fixed acupuncture 
point or skin or body point. 

The control loop steps for the 100 Hz mode is similar to the control steps for the 2 Hz 
30 mode: 

- Measure resistance R between tip electrode (TIP1) and finger electrode (F1) 

The micro-controller Uien obtains a measure of the resistance R between the finger 
35 electrode and the tip as already described. If the measured resistance R is suffldentiy 
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low. such that it is reasonable to assume that the device is in use, then the counter T1 is 
reset (ri:=0). If R is very large the counter T1 is not reset 

- Adjust audio output according to resistance R 

5 

According to the measure of R, the user Is informed about the value of R via control of an 
audio output 

-T1>Ss 

10 

If the device has not been In use for more than 5 seconds (T1>5s) the micro-controller will 
go bade to the state "standby" where the electrical power is switched off. Again it Is also 
possible to use e.g. 3 seconcte, 10 seconds or any other choice of time limit If the device 
has been in use (low R) within the most recent 5 seconds It will continue to the following 
15 state "Update stimulation output (100Hz)". 

- Update stimulatton output (100Hz) 

The micro-controller again updates the frequency of the stimulation voltage across the 
20 finger electrode (F1) and the tip electrode (TIPI) such that a stimulation signal is main- 
teined with a stimulatton frequency of 100Hz. 

-T2>38 

25 If the counter T2 exceeds a period of three seconds (T2>3s) the counter T2 will be reset 
and the operation of the device will continue with "Update stimulation output (2Hz)''. 
OthenArfse the operatfon will continue with "Update stimulation output (100Hz)". 

Various modifications may be made to the described embodimente and it is desired to 
30 include all such nradifications and mechanical and funcfional equivalente as fall within the 
scope of the accompanying claims. 
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CLAIMS " ' JAM. 2003 

1 . An electro-therapeutic device comprising: 

first and second electrodes or probes for making electrical contact to the body of an 
5 individual, 

voltage supplying means for supplying an alternating output voltage across said elec- 
trodes to pass an alternating cunrent through the body of the individual, said voltage 
supply means being adapted for controlling the frequency of the output voltage so that the 
output voltage frequency Is automatically changing in time between a low frequency and a 
10 high frequency, said high frequency being higher than said low frequency. 

2. A device according to claim 1 , wherein the voltage supply means is adapted for con- 
trolling the frequency of the output voltage so that the output voltage frequency is 
changing between a low frequency and a high frequency at regular time intervals. 

15 

3. A device according to claim 1 or 2, wherein the voltage supply means Is adapted for 
controlling the frequency of the output voltage so that the output voltage is changing in 
time between one or more time periods having a low frequency and one or more time 
periods having a high frequency. 

20 

4. A device according to any of the daims 1-3. wherein the low output voltage frequency 
is In Ore range of 0.5-1 0 Hz. 

5. A device according to claim 4, wherein the low output voltage frequency is In the range 
25 of1-5Hz. 

6. A device according to claim 5, wherein the low output voltage frequency is about 2 Hz. 

7. A device acceding to any of the claims 1-6, wher^n the high output voltage frequency 
30 isin the range of 12-50 Hz. 

8. A device according to claim 7, wherein the high output voltage frequency is in the range 
of 15-40 Hz, 
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9. A device according to clafm 8, wherein the high output voltage frequency is about 15 
Hz. 

1 0. A device according to any of the claims 1 -6, wherein the high output voltage frequency 
5 is In the range of 40-300 Hz. 

1 1 . A device according to daim 1 0, wherein the high output voltage frequency is in the 
range of 60-200 IHz. 

10 1 2. A device according to daim 1 1 . wherein the high output voltage frequency is In the 
range of 75-1 50 Hz. 

. 13. A device according to claim 12, wherein the high ou^Hit voltage firecpjency is about 
100 Hz. 

15 

■14. A device according to any of the claims 1-13. wherein the voltage supply means is 
adapted for controlling the frequent of the output voltage so that the frequency of the 
output voltage is changed in cydes. ^ch ^cle comprising a first time period of low 
frequency and a second time period of high frequency. 

20 

15. A device according to daim 14. wherein a cycle time defined by Vne total time of the 
first time p«iod and the second time period is in the range of 3-1 5 seconds. 

16. A device according to daim 14, wherein a cyde time defined by the total time of the 
25 first time period and the second time period is in the range of 4-10 seconds. 

17. A device according to claim 14, wherein a cycle time defined by the total time of tiie 
first time period and the second time period is in Uie range of 5-6 seconds. 

30 18. A device according to daim 14, wherein a cycle time defined by the total time of the 
first time pen'od and the second time period is about 6 seconds. 

19. A device according to any of the claims 1-18, wherein a time period of low frequency 
is in the range of 1-6 seconds. 

35 
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* 20. A device according to any of the cialms l-^IS, wherein a time period of low frequency 
is in the range of 2-4 seconds. 

21. A device according to any of the claims 1-18, wherein a time period of low frequency 
5 is about 3 seconds. 

22. A device according to any of the claims 1-21, wherein a time period of high frequency 
Is in the range of 1-6 seconds. 

10 23. A device according to any of the dalms 1-21, wherein a time period of high frequency 
is in the range of 2-4 seconds. 

24. A device according to any of the daims 1-21, wherein a time period of high frequency 
is about 3 seconds. 

15 

25. A device according to any of the daims 1-24, said device further comprising timing 
means for controlling the alternating output voltage to be applied fbr a predetenmined time 
period. 

20 26. A device according to any of the daims 1-25, wher^n the first electrode is an active 
electrode for making electrical contact to a selected point of the body of a patient, and the 
second electrode is a passive electrode fbr maldng electrical contact over a relatively 
large area of the body of the individual when compared to the selected point area. 

25 27. A device according to any of the claims 1-26, said device comprising a casing which is 
hoidable in the hand of an Individual, said first electrode being mounted to the casing and 
said second electrode being disposed on the casing fbr maldng electrical contact with the 
hand of the individual. 

30 28. A device according to claim 27. wherein ttie casing is elongate and the first electrode 
is mounted at one end of the casing, being electrically isolated from the body of the 
casing. 
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29. A device according to daim 28, wherein at least part of the body of said casing is 
made of an electricaliy conducting material and the second electrode is in electrically 
contact with said electrically conducting part of the body of the casing* 

5 30. A device according to any of the claims 1-29. said device further comprising 

resistance detecting means for detecting when the first electrode is located at or near a 
low resistance point on the body of the individual, said resistance detecting means having 
means for detecting variations in the resistance between the first and second electrodes. 

10 31 . A device according to claim 30, said device further comprising means for providing an 
audible signal representative of the resistance. 

32. A device according to claim 31 . wherein the means for providing an audible signal is 
adapted to emit a sound which changes in volume or pitch, the volume or pitch being 

1 5 proportional to or a function of the resistance. 

33. A device according to any of the claims 30-32, said device further comprising means 
for providing a visible signal representative of the resistance. 

20 34. A device according to any of the claims 1-33, said device further comprising means for 
shifting between a standby mode and an active mode, wherein when in standby mode no 
alternating output voltage signal is supplied across the first and second electrodes and 
when in active mode, the altemating output voltage signal is supplied across the first and 
second electrodes. 

25 

35. A device according to claim 34, wherein the means for shifting between the standby 
mode and the active mode is adapted to control said shifting as a function of current 
flowing between the first electrode and the second electrode. 

30 36. A device according to claim 35, wherein the mode shifting means is adapted to hold 
the device in the standby mode when no cunent is flowing between the first and second 
electrodes. 
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37. A device according to claim 35 or 36. wherein the mode shifting means is adapted to 
hold the device in the active mode when a current larger than or equal to a trigger current 
is flov^ng between the first and second electrodes. 

5 38. A device according to claim 37, wherein the mode shifting means comprises a power 
converter and resistor means, and said trigger current generates a voltage drop across 
said resistor means whereby the power converter shifts from a standby mode to an active 
mode. 

10 39. A device according to any of the preceding claims, wherein the voltage supplying 
mteans is adapted to supply an alternating output voltage having a voltage swing in the 
range of 2-10 V. in the range of 3-8 V. In the range of 4-6 V. or about 5 V. 

40. A device according to any of the preceding claims, wherein the voltage supplying 

15 means Is adapted to pass an altemating cun^nt through the body of said individual fn the 
range of 0.1-3 mA, or in the range of 0.5-1 mA. 

41 . A device according to any of the preceding daims. wherein the first and/or second 
electrodes have a conductive surface comprising a non-oxidising metal. 

20 

42. A device according to claim 41 , wherein the non-oxidising metal is selected from a 
group of materials comprising gold, silver and a platinum/chrome coating. 

43. A method of applying an electrical stimulation signal to the body of an individual, said 
25 method comprising: 

providing an electrical stimulation signal' comprising an electrical cunrent having an AC 
component, said AC component being changing in time between a low frequency and a 
high frequency with said high frequency being higher than said low frequency, 
applying said electrical stimulation signal to a selected point of contact on the body of the 
30 individual in a manner to pass said electrical cun-ent through said selected point of contact 
on the body. 

44. A method of using an electrical stimulation signal for the alleviation of pain of an 
individual, said method comprising: 
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providing an electrical stinnulation signal in the form of an electrical current having an AC 
component, said AC component being changing in time between a low frequency and a 
high frequent with said high frequency being higher than said low frequency, 
applying said electrical stimulation signal to a selected point of contact on the body of the 
5 individual in a manner to pass said electrical cunrent through said selected point of contact 
on the body, to thereby provide alleviation from said pain for said individual. 

45. A method according to claim 43 or 44. wherein said electrical stimulation signal is 
applied to the selected point of contact on the body of the individual in a manner to pass 

10 said electrical current through a part of the body from said selected point of contact to a 
reference point or area erf the body. 

46. A method according to any of the claims 43-45, wherein said electrical stimulatbn 
signal is applied to several selected points of contact on the body of the Individual. 

15 

47. A method aooording to claim 46, wherein said electrical stimulation signal is applied to 
one selected pcrfnt at a time. 

48. A method aooording to any erf the claims 43-47, wherein said AC component is 
20 changing between a low frequency and a high frequency at regular tirne intervals. 

49. A method aooording to any of the claims 43-48, wherein said AC component is 
changing in tinrte between one or more time periods having a low frequency and one or 
more time periods having a high frequency. 

25 

50. A method according to any of claims 43-49, wherein the low frequency Is in the range 
of 0.5-10 Hz. 

51 . A method according to any of claims 43-50, wherein the low frequency is in the range 
30 of1-5Hz- 

52. A method according to any of claims 43-51, wherein the low frequency is about 2 Hz. 

53. A method according to any of claims 43-52, wherein the high frequency is in the range 
35 of 12-50 Hz. 
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54. A method according to any of claims 43-53» wherein the high frequency Is in the range 
of 1540 Hz. 

5 55. A method according to any of claims 43-54, wherein the high frequency Is about 15 
Hz. 

56. A method according to any of claims 43-51. wherein the high frequency is in the range 
of 40^300 Hz. 

10 

57. A method according to daim 56, wherein the high frequency is in the range of 60-200 
Hz. 

58. A method according to claim 57, wherein the high frequency is In the range of 75-150 
15 Hz. 

59. A method according to claim 58, wherein the high frequency Is about 100 Hz. 

60. A method according to any of claims 43-59. wherein the frequency of the AC 
20 component is changed in cycles, each cycle comprising a first time period of low 

frequency and a second time period of high frequency. 

61 . A method according to claim 60, wherein a cycle time defined by the total time of the 
first time period and the second time period is in the range of 3^15 seconds. 

25 

62. A method according to claim 60, wherein a cycle time defined by the total time of the 
first time period and the second time period is in the renge of 4-10 seconds. 

63. A method acconding to claim 60, wherein a cycle time defined by the total time of the 
30 first time period and the second time period is in the renge of 5-6 seconds. 

64. A method according to claim 60, wherein a c^cle time defined by the total time of the 
first time period and the second time period is about 6 seconds. 
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65. A method acxx)rding to any of claims 43-64, wherein a time period of low frequency Is 
in the range of 1-6 seconds. 

66. A method according to any of claims 43-64, wherein a time period of low frequency is 
5 in the range of 2-4 seconds. 

67. A method according to any of claims 43-64, wherein a time period of low frequency is 
about 3 seconds. 

10 68. A method according to any of claims 43r67, wherein a time period of high frequency Is 
in the range of 1-6 seconds. 

69. A method according to any of claims 43-67, wherein a time period of high frequency Is 
in the range of 2-4 seconds. 

15 

70. A method according to any of claims 43-67, wherein a time period of high frequency is 
about 3 seconds. 

71 . A method according to any of dalms 43-70, wherein the electrical stimulation signal is 
20 applied to a selected point of contact for a predetemnined time period. 

72. A method according to any of claims 43-71, wherein the electrical stimulation signal Is 
applied to one or more selected points of contact representing one or more low resistance 
points of contec^ on the body of the individual. 

25 

73. A method according to any of claims 43-72, said mettiod furttier comprising locating 
one or more selected points of contact representing one or more low resistance points of 
contact on the body of the individual. 

30 74. A method according to any of claims 43-73, wherein said electrical stimulation signal 
is applied to said point(s) of contact via electrodes or prebes. 

75. A method according to claim 74, wherein said electrical stimulation signal is applied to 
said point(s) of contact via first and second electrodes or prebes. 

35 
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76. A method according to claim 75, wherein the first electrode is an active electrode for 
making electrical contact to a selected point of the body, and the second electrode is a 
passive electrode for making electrical contact over a relatively large area of the body of 
the individual when compared to the selected point area. 

77. A method according to claim 75 or 76, said method including the use of an electro- 
therapeutic device selected from the devices of claims 1-42. 
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